Huntington's disease is an autosomal dominant inherited neurodegenerative disorder that involves neurological and psychiatric symptoms. ' Involuntary choreic movements are the most characteristic symptoms but they may be slight or absent and other neurological symptoms may be present. The psychiatric symptoms include dementia, psychosis, and change in personality. The last may occur early but are rarely recognised in the early stages of the disease.
Onset is usually reported to be in the late third or early fourth decade of life, but is difficult to determine and may vary from early childhood to old age. The duration is 15 to 20 years from onset. The proportion of deaths attributed to suicide is often reported to be increased but the figures vary in different reports.
The purpose of the present paper is to report on the causes of death for HD subjects and their sibs who were not diagnosed as suffering from HD. Because of the late onset of HD, asymptomatic persons who belong to an HD family and die at an early age may have been gene carriers. If their causes of death are unusual, it is to be expected that they will be different from the causes in the general population. Therefore, we have compared the cause of death of the sibs to that of the general population and also to that of the HD subjects.
Material and methods
The subjects were selected from fully updated families with Huntington's disease registered in the nationwide HD register at the Institute of Medical Genetics in Copenhagen. Copies of death certificates are systematically collected from the Danish National Board of Health for all registered persons who have died since 1943, and the present material comprised death certificates from a total of 677 dead subjects. Three hundred and ninety-five (184 females and 211 males) had been affected with HD. The diagnosis was based on clinical criteria and a positive family history of HD and was independent of the diagnosis given on the death certificate. The other 282 persons (119 females and 163 males) were first degree relatives of patients with Huntington's disease and had not, to our knowledge, been diagnosed as having Huntington's disease. Depending on their age at death, these persons therefore represent both normal homozygotes and nonmanifesting heterozygotes. The two sexes were not considered separately because the numbers for each cause of death were too small to show possible differences between the sexes.
The causes of death were obtained from the death certificates, on which usually at least two diagnoses are given: the primary cause of death and the underlying one. On many certificates contributory causes of death are also given. If only one cause of death was reported on a certificate, we marked that one both as the primary and as the underlying cause. On each certificate, the death is further reported as natural, suicide, homicide, accidental, or 'not stated'. We followed these notations even when we considered them uncertain.
We considered the primary, the underlying, and the contributory causes of death separately. As the official statistics on causes of death in Denmark are based on the underlying causes of death, we used these in a comparison between the proportions of the different causes of deaths among the subjects in the two samples with the corresponding proportions in the general Danish population. The latter were taken for the year 1981 as representative. 2 A x2 test was used to compare frequencies and Mantel-Haentzel x2 test3 was used to compare two groups where age was a confounding factor. The significance level was 0 05. Naturally, HD was the leading underlying cause of death for the HD patients, but cardiovascular diseases were reported for 12-2%. For the sibs the corresponding frequency was 32-3%, which with control for age was significantly lower than the frequency in the general Danish population (47-6%, p < 0001). Table 2 shows the occurrence of suicides according to age among the 395 HD patients, the 282 unaffected sibs, and the general Danish population in 1981. The proportion of deaths from suicide was 5-6% among the HD subjects and significantly higher than in the general Danish population (2-7%, p<0 01). The proportion among the sibs (5 3%) was also significantly higher than in the general population (p < 0 02).
Although the overall proportion of 5-6% in the HD subjects was higher than the 2-7% for the general population, the proportions in the separate age groups below the age of 69 years were lower for the HD patients. Conversely, there were relatively few suicides in the general population for ages above 70 years, containing many deaths. However, the proportions in the separate age groups were rather uncertain because of the small numbers in the groups, as indicated by the wide 95% confidence intervals. Neoplasms occurred as an underlying cause for 31-2% of the unaffected sibs, which with control for age was significantly higher than the 25 1% in the general population. However, this was only found for persons above 70 years of age.
Neurological diseases apart from HD, subdural haematoma, and cerebral haemorrhage occurred as the underlying cause of death strikingly more often among the HD subjects than in the general population (6-3% v 0 9%, p < 0-001) (table 1). The neurological diagnoses are listed in table 4. The diagnosis of HD was recorded on only four death certificates for the 31 HD subjects with one (or two) neurological causes of death. The most frequent neurological diagnoses in the 27 certificates missing the diagnosis of HD were encephalitis (reported in 10), Parkinson's disease (five), and cryptogenic cerebral atrophy (five). The frequency of 1-8% observed for neurological disease as the underlying cause of death for the sibs was not significantly different from the frequency in the population (0-9%).
Discussion
Causes of death for HD patients have been reported in various studiess-" while suicide as the cause of death for at risk subjects has been mentioned in one study only.7
The determination of causes of death based on death certificates is subject to uncertainty. We found the diagnosis of HD given for only 76% of the patients for whom we had evidence that they did suffer from HD, although it was to be expected that almost all the death certificates would have this because there is space for three diagnoses besides the primary and the underlying causes of death. The significantly increased number of neurological diseases among HD patients also indicates that the diagnoses given on the certificates may be erroneous. During the last 30 years, suicide has occurred in about 2-5% of all deaths in Denmark; thus, in this sample of 395 HD subjects, suicide occurred twice as often as in the Danish population. The observed frequency of 5-6% is similar to the frequency of 3-4% reported by Hayden et alP in South Africa, and to the 4% observed by Schoenfeld et al7 in the USA, and close to the frequency of 5-7% reported by Farrer,8 which is almost four times greater than the corresponding proportion for the USA Caucasian population. However, also in the USA, Haines and Conneally9 and Lanska et al'0 found only 2% and 0-8%, respectively, of suicides among HD patients. A similar low frequency of 1-6% was observed by Chiu and Alexander" in Australia. These discrepancies may reflect variation in the suicide rates in different countries or the methods used for identifying suicides or both.
Our observed frequency of 5-6% represents a minimum, as only those cases who were reported in the death certificates as suicides are included in this number. There were more cases where the circumstances of death may have indicated suicide. About 40% of the patients who committed suicide were in their fourth decade indicating that this occurs most frequently shortly after the diagnosis has been established.
It was unexpected that the frequency of suicides among at risk subjects was similar to that of the HD patients and twice the frequency in the general population. One third of these suicides occurred before the age of 30 and 40% before the age of 40, while the corresponding frequencies in the general population were 12-6% and 29-0%, respectively. The numbers of at risk subjects in the different age groups were small and, consequently, conclusions are only tentative. Our finding of an increased suicide rate in first degree relatives is in contrast to the 1-8% reported by Farrer.8 These data were based on a questionnaire survey and, as pointed out by the author, suicides may have been underreported.
Some at risk subjects who died by accident may have committed suicide. Thus, three died of carbon monoxide poisoning and six in traffic accidents where they were alone in a car and suddenly drove the car into the opposite lane. Five of these latter persons were younger than 30 years, making it possible that at least some of them were gene carriers. The daughter of one of the young men developed juvenile HD after his death making it likely that he was a gene carrier but this does not prove that his death was a suicide and not an accident. If the former were true in this as well as in some of the other similar cases, it may suggest that carriers of the HD gene have a higher risk of committing suicide even before manifestation of the disease.
The high frequency of neurological diseases reported on the death certificates of HD patients compared to the general population is striking. In a case control study Lanska et allo found a significantly increased number of "other diseases of the brain" and Schoenfeld et all reported 5 7% of "other neurological disease" as the primary cause of death, but did not give the corresponding frequency in the general population. An explanation of our finding may be erroneous diagnoses, as the majority of death certificates where a neurological disease was reported did not contain the diagnosis of HD.
Even if all the diagnoses of cancer given in the death certificates of the HD patients were counted, the frequency of malignancies was much lower than in the general population, where cancer is only reported as a cause of death if it is the underlying cause. The lower frequency was not the result of the shorter life span of HD patients as we have corrected for this. A low proportion of deaths from cancer (6%) was also noted by Haines and Conneally,9 by Schoenfeld et all ( 
